Rationale: Lung cancer screening has a mortality benefit to highrisk smokers, but implementation remains suboptimal. Providers represent the key entry point to screening, and an understanding of provider perspectives on lung cancer screening is necessary to improve referral and overall implementation.
Lung cancer is the leading cause of cancer death in the United States and will account for an estimated 158,000 deaths in 2017 (1) . The National Lung Screening Trial was the first study to show a mortality benefit for a lung cancer screening protocol, demonstrating a 20% reduction in lung cancer mortality in high-risk current or former smokers undergoing three annual low-dose chest computed tomography examinations compared with a control group undergoing chest radiographs (2) . The U.S. Preventive Services Task Force, the American Thoracic Society, and other professional societies now recommend annual low-dose chest computed tomography-based lung cancer screening for similar high-risk patient populations (3) (4) (5) .
Lung cancer screening is in a period of early and incomplete implementation (6) (7) (8) (9) . Understanding referring provider perspectives during this period is important, particularly given unique aspects of lung cancer screening compared with other preventive modalities. Lung cancer screening may require more provider knowledge, as eligibility is based on factors beyond age and sex, including a detailed smoking assessment (10) . Moreover, the U.S. Centers for Medicare and Medicaid Services (CMS) requires documentation of shared decision-making for payment of lung cancer screening services, requiring providers to communicate harms and benefits and help patients make personalized decisions (11) . The process of lung cancer screening may take more clinical time and resources, given requirements for shared decisionmaking and complexities of nodule management. Finally, limited data exist on optimal lung cancer screening implementation.
Providers represent the key entry point to screening, and the few studies of provider use of lung cancer screening demonstrate limitations in knowledge and uptake (12) (13) (14) . The optimization of screening practices requires understanding referring provider perspectives and must address key barriers and facilitators to screening. Because providers initiating lung cancer screening practice in a variety of specialties and locations, these factors likely have an impact on screening attitudes and practices. To better understand provider perspectives on lung cancer screening, we conducted a survey-based study of providers within a diverse medical system with goals to: 1) understand beliefs and knowledge of lung cancer screening, 2) assess perceived barriers and facilitators to screening, and 3) compare differences between the two most prominent referring specialists, pulmonologists and primary care providers (PCPs). A portion of this work was presented at the American Thoracic Society International Conference in May 2017 (15) .
Methods

Study Population
The survey targeted PCPs (practitioners in general internal medicine and family medicine as well as other subspecialists who work in primary outpatient care, such as geriatricians) and pulmonologists within the University of Washington medical system in Seattle, Washington. The medical system includes a university medical center with neighborhood-based affiliated clinics, a county medical center that serves as both the safety net hospital and the level 1 trauma center for the region (Harborview Medical Center), and a Veterans Affairs medical center (Veterans Affairs Puget Sound, Seattle, WA). Twenty-four individual clinics were identified for participation, ranging in size from 1 to 64 providers. Fourteen of the clinics were affiliated with the university medical center, nine with the county hospital, and one with the Veterans Affairs medical center. During the conduct of this study, there was not a universal systemwide screening program. However, providers had the following options for screening: lung cancer screening could be performed directly by providers by ordering screening computed tomography scans at their discretion or through referral to a central location (the University of Washington-affiliated Seattle Cancer Care Alliance) for a clinical visit and subsequent lung cancer screening initiation and management.
Eligible participants included attending and resident/fellow physicians, nurse practitioners, and physician assistants. Participants were identified and approached by e-mail through: 1) individual clinic medical directors, 2) an internal medicine residency trainee roster, and 3) a pulmonary physician roster. Medical directors were given the option of either sharing provider e-mails for individual contact or sharing the participation request with providers at their respective site(s). Only one response per participant was allowed.
Eligible participants were sent an e-mail invitation to participate with details of the study, survey instructions, and an electronic survey web link. In the event of nonresponse, two subsequent e-mail-based reminders were sent. Participants provided informed consent as part of the survey, and responses were confidential and recorded in an encrypted database. A $5 gift card was provided for participation. The Institutional Review Board of the University of Washington/Fred Hutchinson Cancer Research Center (#9221) approved this study.
Survey Instrument and Administration
The survey was conducted from March to June 2016 using REDCap (Research Electronic Data Capture, Vanderbilt University), a web-based application serving as a data capture instrument and repository. The survey consisted of 30 questions, some with multiple parts (see online supplement). The survey was piloted and reviewed for content and clarity by research staff in the Department of Medicine at the University of Washington.
The survey included questions in five domains: 1) beliefs on lung cancer screening and assessment of the evidence (seven questions); 2) knowledge of lung cancer screening, including a question on required elements in shared decisionmaking documentation (per CMS), a question on eligibility criteria, and a question on risk of malignancy with specific positive screening scenarios (three multipart questions); 3) assessment of current screening practices (seven questions); 4) identification of key barriers and facilitators to screening (five questions); and 5) demographic characteristics and details of clinical practice (eight questions). Three questions were used/adapted from a survey on implementation of lung cancer screening among pulmonologists (16) . Questions on lung cancer screening eligibility criteria were based on both CMS and U.S. Preventive Services Task Force criteria (3, 11) . Questions on 5-year risk of lung cancer patient scenarios were informed by the Brock model (17) .
ORIGINAL RESEARCH Analysis
Questions with Likert scale responses were categorized in logical ways. We compared pulmonologists versus PCPs using chi-squared testing. All respondents were included in the entire cohort analysis. Two providers, who identified as "critical care" and "sleep medicine" specialists, were excluded from the specialty comparison. P values , 0.05 were considered significant. Missing responses to individual questions were treated as missing at random and not included. Both SAS 9.4 (SAS Institute) and STATA 14.0 (STATACorp) were used for statistical analysis.
Results
Participant Characteristics
The survey was delivered to approximately 551 unique individuals. Of these, 207 completed any portion of the survey (38% individual response rate). Only 196 provider surveys were included in the analytic cohort (36% completed survey response rate), as 11 respondents had invalid surveys (no questions answered other than demographics). At least one provider responded from 19 of the 24 clinics (79% clinic response rate). Participants were similar to nonrespondents by specialty and primary clinic location. For example, PCPs represented 80% of participants and 75% of nonrespondents; university-based providers represented 41% of participants and 43% of nonrespondents.
The majority of survey participants were female (67%) and white (79%) ( Table 1) . Participants included attending physicians (65%), trainee physicians (25%), and advanced practice providers (9.2%). Forty-nine percent of participants practiced general internal medicine, 22% family medicine, and 19% pulmonary medicine, with 9.7% practicing a different specialty (geriatrics, infectious diseases [human immunodeficiency virus primary care], and gynecology) in which they provided primary care for patients. Fortyseven percent primarily practiced at a county hospital-based clinic, 41% at a university-affiliated clinic, and 12% at either the Veterans Affairs medical center or another location or they did not identify a clinic. Twenty-two percent had discussed lung cancer screening with more than five patients in the past year.
Lung Cancer Screening Beliefs and Knowledge
The majority of participants believe that screening is at least moderately effective at preventing death from lung cancer (74%), believe the research evidence for screening is strong (57%), and agree screening is supported by randomized clinical trial evidence (75%). Although 66% agree screening may expose patients to harm, and 56% agree screening may place a burden on the healthcare system, more than half (58%) agree screening has more advantages than disadvantages for patients.
To assess provider knowledge, we asked participants to identify elements of lung cancer screening documentation required by CMS. Few (10%) providers correctly identified all elements, 57% identified at least six out of seven correct elements, and 90% identified at least five out of seven correct elements. We asked providers to identify patient screening eligibility in five screening scenarios (Figure 1 ). Only 69% of providers correctly assessed eligibility in at least three of the initial four scenarios. The fifth scenario, "A 65-year-old man, current smoker with a 40 pack-year history, and a poor surgical candidate because of severe lung disease (forced expiratory volume in 1 second , 30% predicted)," was created to assess provider knowledge regarding ineligibility of poor surgical candidates, per U.S. Preventive Services Task Force guidelines (3) . Given potential controversy with this question, it was not included in the overall summary of correctness. Twenty-nine percent believed this patient was eligible, 54% believed he was not, and 17% were unsure. Finally, we asked providers to estimate lung cancer risk over a range (,5% risk, 5-10% risk, Providers were asked whether certain patient-, practice-, or system-related factors were barriers to lung cancer screening in their practices ( Table 2 ). The most frequently identified "big barriers" were patients having too many other illnesses to address screening (38%), lack of time (36%), and lack of staff to maintain and follow up screening (36%). Patient adherence with follow-up was also commonly (26%) identified. The most commonly identified potential facilitator was a registry system to track nodules, believed to be "very" or "extremely" helpful by 67% of providers. The additional information/knowledge most commonly identified as "needed" was follow-up recommendations for nodules (68%) and referral guidelines for specialty services (55%). The best format for additional provider training selected by more than 50% of providers included a high-quality decision aid (59%) and a pocket guide/checklist (55%).
Primary Care versus Pulmonary Providers
Knowledge and beliefs about lung cancer screening were similar between pulmonologists and PCPs, but there were key differences in other domains (Table 3) . Pulmonologists were more likely to agree that screening was requested by patients (32 vs. 12%, P = 0.002). PCPs were more likely to believe that primary care should be responsible for screening initiation (92 vs. 50%, P , 0.001) and implementation and follow-up (83 vs. 32%, P , 0.001). PCPs were more likely to identify not having enough time to address screening and patients having too many other illnesses to address screening as significant barriers. PCPs were less likely to believe they did not need additional training to provide screening (5 vs. 29%, P , 0.001).
Discussion
In this study, we sought to better understand current knowledge, beliefs, practices, barriers, and facilitators to lung cancer screening among primary care providers and pulmonologists-those most likely to initiate the lung cancer screening process-in a diverse medical system before the roll-out of a formal system-wide lung cancer screening program. In addition, we explored differences between pulmonologists and primary care providers, and this study is the first we are aware of to examine differences in lung cancer screening perceptions and knowledge by specialty. There were three important findings regarding attitudes and knowledge that emerged from the overall provider responses. First, the majority of providers (.70%) had a positive view of lung Figure 1 . Provider responses on patient eligibility in five lung cancer screening scenarios. The scenarios presented to participants are listed on the left. The response options included "not eligible," "eligible," and "unsure." The percent of participants with each response is illustrated on the bar graph, as are the correct answers. The proportion of participants by numbers of correct responses to the first four scenarios is illustrated in the vertical bar graph on the right. The final scenario was not included in this summary. We consider the correct response "not eligible," as a poor surgical candidate should not be screened per U.S. Preventive Services Task Force guidelines; however, this is marked by an * as there is no definitive consensus contained in other guidelines. yo = year old.
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cancer screening effectiveness, both in the quality of supporting research and in the perceived effectiveness in preventing death. Second, providers acknowledge that lung cancer screening is associated with potential harms and is a burden on the healthcare system, and only a small majority (58%) believed benefits outweighed these harms. Finally, there are gaps in knowledge about key elements of lung cancer screening, including knowledge of documentation (required by U.S. Centers for Medicare and Medicaid Services for payment), patient eligibility, and patient risk after screening. We also noted three findings regarding perceived barriers and facilitators to lung cancer screening. First, the most frequently identified barriers to lung cancer screening implementation were: patients have too many other illnesses to address screening, providers do not have enough time to address screening, and clinics lack staffing. These largely reflect time and resource constraints. Second, the most useful training facilitators are those designed to improve provider and patient knowledge at the point of care, such as a decision aid or pocket guide. Finally, nodule management seems to be an area of uncertainty for providers, and methods to improve knowledge of nodule management and tracking (a registry system) may be helpful.
Exploring differences between provider type was revealing. Pulmonologists believed that they needed less information on nodule management but performed similarly to primary care providers on lung cancer screening knowledge assessments. Other studies have shown similar discomfort with nodule management by primary care providers (18) , and clinician adherence to nodule management guidelines and recommendations is likely suboptimal among both primary care providers and pulmonologists in practice (19) (20) (21) . Primary care providers are more likely to believe they should be both initiating and managing screening, although our results suggest pulmonologists may perceive fewer barriers regarding patient comorbidities and time constraints.
We believe there are several lessons for implementation of lung cancer screening that can be taken from this study, most importantly in the realms of provider education and understanding and addressing modifiable barriers to screening. Provider-based education appears to be needed in lung cancer screening implementation, as a lack of adequate screening knowledge was seen in this and other studies of providers (12) (13) (14) . Education on documentation, eligibility, nodule risk, and management all appear to be important areas where providers may need more information and guidance. Providers identified decision aids and pocket guides as desirable facilitators to this education and could provide this in real time by reinforcing eligibility and documentation requirements for the provider and patient at the point of referral. A recently published study demonstrated significant improvement in patient knowledge after shared decision-making performed with a decision aid (22) . Our findings are novel, as they suggest that providers believe that a decision aid, despite being intended for patient-centered decision-making, can also improve provider ORIGINAL RESEARCH knowledge. Decision aids should be evaluated for their ability to improve provider knowledge and could be adapted to this purpose. Moreover, decision aids, particularly when web-based (which was the preferred modality among our respondents), could be coupled with other web-based learning tools to effectively educate providers (23, 24) . The identified barriers of lack of clinical time and resources are modifiable barriers, indicating that lung cancer screening implementation may improve with more dedicated resources. Specific resources requested by providers, such as dedicated staff and a nodule registry, are highlighted features used by successful early-adopting lung cancer screening programs (25) . These barriers also suggest that lung cancer screening may have limited success as part of a traditional problem-based clinical encounter (particularly for complex primary care visits), where schedule constraints and patient-illness burden may limit the ability of the provider to initiate screening. This has been seen in another study of primary care providers, with providers citing time constraints as a barrier, particularly for providing comprehensive shared decision-making and smoking cessation counseling (14) . Interestingly, the most frequently identified barrier overall, which was reported more often by primary care providers than pulmonologists, was that "patients may have too many other illnesses to address lung cancer screening." Although we assume this reflects a time-related barrier in many cases, this may also reflect provider acknowledgment of the complexities of screening decisions in patients who may have competing risks for death. These patients may not benefit from lung cancer screening, particularly if unable to undergo surgical resection (3) . There is little research in provider decision-making in such cases, and future study is needed to determine how referring providers consider screening referral in medically complex patients.
Finally, this study highlights differences that exist between referring pulmonologists and primary care providers but does not suggest that either primary care providers or pulmonologists are the "best" provider to initiate screening. On the basis of our results and others, primary care providers and pulmonologists may have different strengths: pulmonologists may be more knowledgeable about nodule management and feel more skilled to initiate screening, but primary care providers may be more equipped to understand lung cancer screening in the context of the patient's health experience (26) (27) (28) . Limitations of each specialty emphasize the importance of multidisciplinary team involvement in all aspects of screening, as advocated by major screening guidelines (4, 5, 29) .
There are limitations to this study. Our response rate was somewhat low; however, respondents were similar to nonrespondents. Also, although participants were recruited from a large and diverse medical system, recruitment from a single system may limit generalizability. Because the survey contained largely closed-ended questions, there were limited opportunities for respondents to convey unique responses; therefore, all key barriers and facilitators from the provider perspective may not have ORIGINAL RESEARCH been captured. Finally, comparisons by specialty may be confounded by other differences in these groups. In summary, although providers appear to believe in the benefits of lung cancer screening, there are limitations in provider knowledge of key screening components.
There are also important barriers and facilitators that are modifiable but will need to be addressed to improve screening implementation, and these include adequate time and resources to perform screening. Some of these barriers and facilitators differ by provider specialty, and unique approaches to improve screening practices may need to be developed in different settings and different provider groups. n
